Chronic hepatitis B virus (HBV) infection can be reactivated during lymphoma chemotherapy, specifically with rituximab. In 2008, the Centers for Disease Control and Prevention and, in 2010, the American Society of Clinical Oncology made recommendations that anyone who received cytotoxic or immunosuppressive therapy should be tested for serologic markers of HBV infection. In our study, we wanted to determine the screening rates for HBV infection at our institution and if simply adding a checkbox onto the rituximab order would improve HBV screening. We performed a retrospective chart review of two cohorts of lymphoma patients at Scott & White Health Clinic. Cohort 1 included patients from 1993 to 2008. Cohort 2 included patients who received rituximab after an institutionwide protocol (rituximab order checkbox) was initiated in 2011. A total of 452 patients treated for lymphoma were reviewed. Only 15 of the 404 Cohort 1 patients received HBV screening (3.7%; 95% confidence interval, 2.1%-6.1%). Screening rates were statistically higher if baseline liver laboratory values were elevated (P < 0.0001). HBV was also checked more frequently if patients' liver function tests became elevated while on chemotherapy, 85.7% (12/14) . Of the 48 patients in Cohort 2, 33 patients (68.7%) received HBV screening. No patients in either cohort had a positive HBV surface antigen or developed reactivation of HBV during chemotherapy. The addition of a checkbox on the rituximab order form significantly increased our screening for HBV infection in lymphoma patients initiating chemotherapy. H epatitis B virus (HBV) infection is the most common cause of chronic hepatitis worldwide, carrying a high morbidity and mortality. It is a well-known cause of cirrhosis and hepatocellular carcinoma. An estimated one-third of the world's population has past or present serological evidence of HBV infection. Approximately 350 million people are known to be carriers of hepatitis B, with hepatitis B surface antigen (HBsAg) positivity having the highest prevalence in Southeast Asia and Western Pacifi c regions (1) . A half a million of these carriers die annually from HBV-related liver disease (2) . Th e United States has 1.5 million HBsAg carriers with approximately 300,000 active HBV cases per year. Th is number is steadily increasing du e to immigration from regions with high endemic HBV infection, injection drug use, and high-risk sexual behavior (3) (4) (5) .
Th e natural course of HBV infection is determined by the relationship between virus replication and host immune response. Th e virus persists in the host even after serological recovery from acute HBV. Th erefore, this cohort is at risk for reactivation of infection when the immune response is suppressed. Reactivation of HBV has been well documented in patients receiving chemotherapy, immunosuppressive therapy, and cytotoxic agents. Clinical symptoms of HBV reactivation range from isolated acute aminotransferase elevation to severe hepatic failure (1, 6) . Perrillo et al noted a 40% HBV reactivation rate among patients receiving chemotherapy who were positive for HBV surface antigen. Th ose who did reactivate had a 13% risk of liver failure and 16% mortality (7) .
Two clinical scenarios contribute to reactivation. Th e fi rst occurs in patients with chronic HBV infection who are considered to be immunotolerant. In these patients, the diagnosis of HBV reactivation is established after the HBV DNA level becomes detectable in the setting of hepatitis. In the second scenario, reactivation of HBV occurs in patients who had resolved HBV infection. Th ese patients previously developed antibody to hepatitis B core antigen (with or without antibody to HBsAg). In these patients, HBV replication has been shown to persist in the liver and peripheral mononuclear cells for decades (8) (9) (10) . Multiple reports have described HBV reactivation in patients who are undergoing chemotherapy or chemoradiation therapy for a variety of hematologic and solid tumors (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) . Withdrawal of chemotherapy presents the greatest risk for reactivation, ranging from approximately 20% to 50% among HBsAg-positive carriers (15, 16, (25) (26) (27) .
Screening and initiating treatment for HBV prior to immunosuppressive treatment is recommended for patients with an increased risk for chronic hepatitis by the American Society of Clinical Oncology in their most recent guidelines from 2010 (28) . Highly immunosuppressive treatments include, but are not limited to, hematopoietic cell transplantation and regimens that include rituximab. Despite recommendations from established guidelines, HBV screening prior to chemotherapy is not consistently practiced among physicians. Suboptimal screening and prophylaxis can lead to fatal outcomes in patients who are at risk for reactivation of HBV. Th is highlights the importance of developing protocols to improve awareness and increase screening rates of HBV reactivation in our institution.
In our study, we evaluated screening for HBV infection in patients undergoing chemotherapy for lymphoma at our institution between 1993 and 2008 (Cohort 1). We then evaluated HBV screening rates starting in May 2011 (Cohort 2), after our institution initiated a protocol for screening prior to starting rituximab therapy for lymphoma.
METHODS
Th e Cohort 1 data were collected through a retrospective chart review of 404 lymphoma patients at our institution using deidentifi ed demographics and laboratory values. Patient medical records were accessed using medical record numbers for further data retrieval.
Th e deidentifi ed demographic data, including date of birth, gender, and race, were logged on the individualized data parameter sheet. Th e cancer type, stage, grade, age at diagnosis, and date of diagnosis were documented using the cancer registries. A review of the electronic medical records was performed to identify the date of completion of chemotherapy as well as the chemotherapeutic agent used. Th is information was crossreferenced with laboratory data to identify whether patients were screened for hepatitis B surface antibody, hepatitis B surface antigen, hepatitis B core IgM antibody, or hepatitis B core IgG antibody. Th e date of screening was documented for patients with available screening data.
Subsequently, results of liver function tests (LFTs)-aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase, and total bilirubin-prior to, during, and after chemotherapy were documented. Normal ranges as identifi ed by our institution's laboratory were used. Liver fl are was defi ned as more than a twofold increase from a patient's baseline in a LFT, including AST, ALT, alkaline phosphatase, or total bilirubin.
In 2011, our oncology department created a preprinted order set for rituximab with a checkbox option for HBV testing to serve as a reminder to screen this patient population. Cohort 2 data were collected after this new protocol was put into eff ect. Patients were selected using our tumor registry and fi ltered for those receiving chemotherapy regimens that included rituximab.
All variables were summarized using descriptive statistics: mean (standard deviation) and median (minimum-maximum) for continuous variables and frequency (percentage) for categorical variables. Th e HBV screening rate and 95% confidence interval (CI) were calculated for the entire cohort. HBV screening rates between normal and abnormal LFT cohorts were compared using a chi-square test. Th e association between HBV testing and the presence or absence of abnormal LFT was assessed using Fisher's exact test. A P value <0.05 indicated statistical signifi cance. SAS version 9.2 (SAS Institute Inc., Cary, NC) was used for statistical analysis. (Table 3) . Th e testing rates between patients with normal LFTs and abnormal LFTs were signifi cantly different (P < 0.001).
RESULTS
Of the 14 patients in Cohort 1 who were tested for HBV and had available screening LFT measurements, 85.7% (12/14) were noted to have a liver fl are at some point during chemotherapy. Of the 139 patients who were not tested for HBV, 75.5% (105/139) showed signs of a liver fl are. Based on Fisher's exact test, there was no signifi cant association (P = 0.52) between HBV testing and presence/absence of liver fl are.
HBV testing rates in lymphoma patients were collated by year from 1993 to 2008 (Figure 1 ). In general, there was no signifi cant trend of improved screening rates with time, proving that HBV screening was grossly underused. It is suspected that patients may have been initially screened due to abnormal LFTs and not to prevent reactivation HBV.
Following the Centers for Disease Control and Prevention's 2008 and the American Society of Clinical Oncology's 2010 guidelines, our facility implemented an HBV screening protocol in 2011 for patients with lymphoma prior to the onset of rituximab therapy. A total of 48 patients met this criterion during our follow-up period of May 2011 through July 2012. Of these patients in Cohort 2, 33 (68.7%) received HVB screening prior to initiating rituximab therapy (Figure 1 ). Our institution's intervention signifi cantly increased HVB screening rates for patients who would be treated with rituximab (Table 3) .
DISCUSSION
Th is study shows that despite recognized HBV reactivation in immunosuppressed patients, screening rates before initiating chemotherapy prior to institution protocol (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) were very low (3.7%). Cohort 1 consisted of lymphoma patients who received any chemotherapy. Of the 404 patients with lymphoma in Cohort 1, only 15 were screened for hepatitis before chemotherapy was initiated. Of those, all 15 had baseline abnormal aminotransaminases, which supports the hypothesis that HBV was likely checked for diagnostic rather than screening purposes. Of the 135 patients who received a chemotherapy regimen that included rituximab (R-CHOP, R-COP/R-CVP, and RICE), 47 had abnormal LFTs at some point throughout treatment (Table 2) . Th e screened patients tended to have more advanced lymphoma as well as baseline abnormal LFTs before chemotherapy induction. After incorporating a screening protocol in 2011 for all lymphoma patients receiving rituximab therapy, our screening rates improved signifi cantly. From May 2011 to July 2012, 48 patients were identifi ed with lymphoma with plans for rituximab chemotherapy (Cohort 2). Of these 48 patients, 33 (68.7%) received HBV testing.
None of the patients in our pre-or postintervention cohorts had a history of HBV infection prior to being diagnosed with cancer or were positive when tested with screening hepatitis panels. In our preintervention cohort, not all the patients with elevated aminotransaminases had screening hepatitis panels performed. Th e elevation in LFTs in our patient population, therefore, cannot be explained by reactivation hepatitis. In many cases, patients had radiologic evidence of liver metastases, and this is the most likely explanation for their laboratory abnormalities. Also, we cannot rule out the possibility of chemotherapy itself causing elevated transaminases. Th ere were also patients whose clinical course deteriorated and they ultimately ended up on hospice care; it is likely that the cause of LFT abnormalities in this population was multifactorial.
Th e particular strength of our study is a large sample size collected over several years. We initially searched over 2100 electronic medical records. Ultimately, 452 of those had complete information available for our study. We were able to identify lymphoma patients specifi cally from the tumor registry.
Our study has some limitations. It is a retrospective study, and clinical details were sometimes diffi cult to procure. A prospective study would more accurately ascertain specifi c causes for LFT elevation. Explanations for laboratory abnormalities were often drawn from educated inferences during review of progress notes. Furthermore, a prospective study would allow for selection and inclusion of patients with a history of treated or cleared HBV. It is also worth noting that our particular patient population had a very low prevalence of HBV. Our liver clinics have over 10 times the number of hepatitis C patients compared to HBV. We have a very low number of Asian and Pacifi c Islander patients in our population. Previous screening studies at our institution for viral hepatitis found no new cases of HBV (29) .
We acknowledge that there is limited literature regarding HBV reactivation with chemotherapy besides lymphoma treatment with rituximab. Furthermore, the American Society of Clinical Oncology recommends clinical judgment when screening for HBV infection in patients who are undergoing chemotherapy or chemoradiation. Th e American Association for the Study of Liver Diseases recommends that patients at high risk of HBV should undergo testing for HBsAg and anti-HBc before any chemotherapy or immunosuppressive therapy. Th e Centers for Disease Control and Prevention recommends that patients who have risk factors for HBV infection be tested for exposure to HBV prior to initiation of immunosuppressive therapy. Serologic testing should include assessment of HBsAg, anti-HBs, and anti-HBc; further testing should include HBeAg, anti-HBe, and an HBV DNA level if the patient is HBsAg positive. As noted in the literature, the strongest evidence is in patients treated for lymphoma, especially those receiving rituximab, and in patients undergoing hematopoietic stem cell transplantation. However, studies are limited on other cancer types, and there is not enough evidence to withhold screening on high-risk patients.
Our study concluded that our institution did not previously consistently screen for HBV infection in lymphoma patients; however, after an HBV screening protocol was implemented in 2011, our screening rates improved signifi cantly. No patients in our pre-or postintervention populations had a positive HBsAg or developed reactivation during chemotherapy. However, the potential risk of HBV reactivation is signifi cant enough that screening and prophylaxis should at least be considered in all patients at high risk for HBV undergoing chemotherapy or immunosuppressive therapy. For this reason, we intend to continue eff orts to educate our clinicians to improve awareness of potential HBV reactivation and increase our screening rates even more.
